Introduction: Multiple pregnancy has increased in prevalence in the last few years, which could lead to more foetal and maternal morbidity issues. The aim of this study is to describe the trend of multiple pregnancy deliveries in Castilla y León during the last 13 years and the subsequent impact on foetal and maternal health. Material and methods: Data was collected from the hospital discharge reports registered in the Regional Health-care database (SACYL: Health care in Castilla y León) between 2001 and 2013. A cross sectional descriptive study was conducted, including trend analysis with log-linear joint point model, a rhythm metric study, as well as a risk assessment with multivariate analysis. Results: A pronounced upward trend was observed in the proportion of multiple deliveries in this time period, compared to single ones, with an annual percentage change of 3.4% (95% CI: 2.5---4.4). Multiple pregnancy was significantly correlated with advanced maternal age, abnormal glucose tolerance, dystocia and caesarean section delivery, premature birth, foetal malposition, foetal macrosomia, stillbirth, in vitro fertilisation, and hypertensive episodes of pregnancy. In vitro fertilisation showed a 9.3 fold increased risk in multiple pregnancy (95% CI: 7.4---11.5), with maternal age increasing the risk up to 5% per year of age (OR: 1.05: 95% CI: 1.04---1.05). No seasonal rhythm was observed in multiple deliveries compared with single ones. 
Introduction
The frequency of multiple pregnancy has been increasing steadily. According to the Sociedad Española de Ginecología y Obstetricia (Spanish Society of Gynaecology and Obstetrics), the prevalence of twin pregnancy is of 1---2%, although in recent years it has been increasing progressively in developed countries, reaching prevalences of up to 3% and 4%. 1, 2 This increase in multiple pregnancies is mainly due to 2 phenomena: the increase in maternal age caused by women waiting longer to become mothers, and a more widespread use of assisted reproductive technologies. 3, 4 Compared to singleton pregnancies, multiple pregnancies carry a higher risk of complications (congenital defects, preterm birth, intrauterine growth restriction, cerebral palsy and perinatal mortality) and their increase has contributed to differences in morbidity and mortality in children and adolescence both through time and between geographical regions. 5, 6 Multiple pregnancy also carries a higher risk of maternal complications such as hypertensive disorders, gestational diabetes, caesarean delivery and postpartum haemorrhage. 7 ---9 The aim of our study was to analyse the trends in multiple pregnancies in the Spanish region of Castilla y León over 13 years, and their impact on the foetuses and mothers.
Materials and methods
We performed a cross-sectional study by analysing data obtained from the hospital discharge summaries (''Conjunto Mínimo Básico de Datos'' [CMBD], or minimum basic data set) of hospitals in Castilla y León in the database of the Public Health Network of Castilla y León (Red Sanidad de Castilla y León [SACYL] ) covering the period between 2001 and 2013. We selected patients with a diagnostic code for singleton birth or multiple birth in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-MC), which were grouped in the database according to the all-patients diagnosis-related group (AP-GRD) system, version 25.0, under codes 370---375 and 650---652.
The ICD-9-MC codes applied in delivery-related obstetric procedures were 72.xx through 74.xx, and the codes applied to multiple pregnancy were 651.xx, V27.2, V27.3, V27.4, V27.5, V27.6, V27.7, V31, V32, V33, V34, V35, V36 y V37. We collected data for the dependent variables used in the logistic regression analysis based on the ICD-9-CM codes featured in the CMBD: Hypertension complicating pregnancy childbirth and the puerperium [ 
Statistical analysis
All the tests conducted were two-tailed for a 95% confidence level. We calculated the birth rate per 1000 inhabitants per year corresponding to all the births managed in hospitals of the SACYL network. We also calculated the rate of multiple birth per 1000 births per year in the SACYL network.
We used joinpoint linear regression to analyse temporal trends and determine whether there had been statistically significant changes in prevalence. This method can identify temporal patterns in selected patient series. In this analysis, the joinpoints or breakpoints reveal statistically significant shifts in trends (upward or downward).
Graphically, joinpoint models representing prevalence on a logarithmic scale display a series of connected segments. Any point where these segments connect is a joinpoint and represents a statistically significant change in trend. Furthermore, for each trend and segment, we calculated the annual percent change by means of generalised linear models, assuming a Poisson distribution and calculating the corresponding P-values and 95% confidence intervals (95% CI). We used the free-access software of the Surveillance, Epidemiology, and End Results programme of the National Cancer Institute of the United States. 10 In addition to conducting univariate analyses with calculation of odds ratios to assess the risk associated with each dependent variable, we performed a multivariate analysis using binary logistic regression to assess the association of the type of delivery with different variables while controlling the potential effect of several cofounders. We built the model using backward elimination based on likelihood ratios. We coded the dependent variable of multiple birth as 1 (present) or 0 (absent). The independent variables in the final maximum model included the categorical variables (coded as 1 if present and 0 if absent) diabetes mellitus, abnormal glucose tolerance, instrumental delivery, caesarean delivery, macrosomia, preterm birth, foetal death, in vitro fertilisation, hypertension during gestation, delivery and puerperium, postpartum haemorrhage, malpresentation of the foetus, intrauterine growth restriction, and the continuous variable of maternal age (in years).
Analysis of trend rhythms
To assess the presence of rhythms in each time series and compare groups, we started with an initial exploration of the dominant rhythms by means of a fast Fourier transform. We then applied the multiple-component cosinor method proposed by Alberola-López et al.
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Results
Between 2001 and 2013, there were a total of 251 411 births in Castilla y León according to data from the Instituto Nacional de Estadística (National Institute of Statistics, INE), of which 216 640 (86.2%) were managed in the SACYL hospital network. Among them, there were 3991 multiple births (1.9%), of which 97.5% were twin births.
In the 13-years period under study, we found an increasing trend in the overall number of births per 1000 inhabitants through year 2008, followed by a progressive decrease (Fig. 1) . The annual percent change in the 2001---2008 interval was 3.2%, followed by a 3.8% decrease per year from 2008 through 2013. Fig. 2 represents the changes in the number of multiple births per 1000 births in the years under study, evincing an increasing trend with an annual percent change of 3.4%. Table 1 presents the data for categorical variables summarised as percentages with the corresponding estimates of the associated risk (odds ratios) of singleton vs multiple pregnancy found in the univariate. It also presents the results of the difference of means test for maternal age, the only continuous variable analysed in the study.
We performed a multivariate logistic regression analysis to assess the association between multiple birth and various variables related to maternal morbidity and foetal morbidity and mortality, controlling for potential confounders. Table 1 presents the associations between the variables under study and the presence or absence of multiple birth. We ought to highlight the particularly strong association between in vitro fertilisation, preterm birth, foetal malpresentation and caesarean section.
We also performed a chronobiological analysis that revealed the presence of a circannual rhythm in singleton births (P < .0001). We found a percent rhythm of 25.5%, with the acrophase on September 9 (95% CI, May 11---September 28) and the batiphase on February 27 (95% CI, September 28---May 15).
We did not find a circannual rhythm in multiple birth (P = .8). The percent rhythm was 3% (Fig. 3) .
We compared rhythms by means of the amplitudeacrophase test and found differences between both groups (P = .003).
Discussion
Our study found an increase in the total number of deliveries managed in the SACYL network until 2008, the year that the number peaked, followed by a gradual descent (Fig. 1) . A factor that contributed to the initial progressive increase in births was the growth of the immigrant population, which was consistent with the rest of Spain. The immigrant population is characterised by a high birth rate. Thus, in Spain, according to data from the INE, births by immigrant mothers increased by 16.4% in 2007 with a total of 92 992 births, which amounted to nearly 20% of the total births in Spain. 13 However, in 2013 there were 425 390 births in Spain, corresponding to a reduction of 18.1% compared to year 2008, when there were 519 779 birhts. 14 In the same period of time, the crude birth rate (number of births per 1000 inhabitants) had dropped to 9.1 in 2013 from 11.3 in 2008, a declining trend that is sustained. 15 The definitive data published by the INE for year 2016 show that there were 410 583 births, which represented a decrease of 21% compared to 2013. 16 The decline in the number of births is due to a drop in the fecundity rate (in Spain, the main indicator of fecundity, the ''number of children per woman'', decreased from 1.44 in 2008 to 1.27 in 2013).
The progressive decline in the number of women of reproductive age also contributes to this trend, with a decline in the number of women aged 15---49 years in Spain since 2009 owing to women that are reaching these ages belonging to smaller generations born during the ''baby bust'' of the 1980s and early 1990s.
The reduction in immigration and the increase in emigration in recent years have also contributed to this decrease in birth rate.
In our study, we found a proportion of 1.9% of multiple births over the total births. This proportion is similar to the one reported by the INE of 2.24% for all of Spain in 2014. 17 Contrary to births overall, multiple births exhibit a sustained increasing trend, reaching rates of up to 23 per 1000 births (Fig. 2) .
This proportion is smaller compared to the proportion reported by Martin et al. 18 for the United States in 2013 of 33.9 twin births per 1000 births, the highest reported in that country. Subsequently, the most recent data, corresponding to births in year 2016, showed a decrease in this proportion, although it was not statistically significant (33.4 twin births per 1000 births). 19 In Europe, the PERISTAT report published in 2013 with data from 2010 described variations in the frequency of multiple births, ranging from low rates between 9 and 13 per 1000 births in countries like Romania, Latvia, Lithuania and Poland, to rates of more than 20 per 1000 births in countries like, Spain, Belgium, Czech Republic, Denmark, Cyprus and Malta. 20 There are 2 main reasons for this increase: late motherhood and the widespread use of assisted reproductive technologies.
The impact of advanced maternal age in multiple birth is widely accepted in the literature. 2, 21 We also observed this association in our study, with a 5% increase in the probability of twin birth for every additional year of maternal age (OR, 1.05 [95% CI, 1.04---1.05]).
This delay in motherhood observed in our study and in most developed countries could be related, on one hand, to women having greater knowledge of and access to birth control methods, and, on the other, to a change in the aspirations of women concerning their life trajectory, as they increase their educational attainment and join the workforce in massive numbers.
On the other hand, the use of assisted reproductive technologies has contributed to the increase in the number of multiple pregnancies in recent years. In the United States, 36% of twin pregnancies and 77% of higher order pregnancies occurred following the use of these technologies. 2, 20 In our study, we found a strong association between pregnancy product of in vitro fertilisation and multiple birth, with an adjusted OR of 9.34 (95% CI, 7.51---11.70).
A phenomenon of utmost importance is the increase in foetal morbidity and mortality associated with multiple birth. The variable with the strongest association was preterm birth, with an OR of 9.8 (95% CI, 9.1---10.5). It is the most frequent negative event associated with multiple pregnancy and it is associated with increases in perinatal mortality and short-and long-term morbidity due to its complications (respiratory problems, patent ductus arteriosus, intracranial bleeding, hypoxic-ischaemic encephalopathy, etc.).
Preterm birth is the factor that has the most impact on perinatal morbidity and mortality, and its frequency increases with the number of foetuses.
In the United States, the estimated proportion of twin pregnancies that end in preterm birth is 57%, with 11% of these births occurring before 32 weeks' gestation. 22 In our study, the crude preterm birth rate was 39.9%, compared to 4.5% in singleton pregnancies.
Numerous authors have concluded that perinatal and child mortality are greater in multiple pregnancies compared to singleton ones due to associated comorbidities (higher frequency of preterm birth, abnormalities in foetal development, congenital anomalies and other obstetric complications). 23 The probability of foetal death or stillbirth was up to 2.3 times greater in multiple pregnancies (OR: 2.3 [95% CI, 1.7---3.1]) compared to singleton pregnancies in our series, with a relative frequency of 1.5%. Similar studies have found that in developed countries, the number of stillbirths in multiple pregnancies increases by 8.8 per 1000 births. 24 It is known that inadequate foetal growth (including low weight for gestational age and intrauterine growth restriction) is associated with increased perinatal morbidity and mortality. In our study, the additional risk in the raw data corresponded to an OR of 3.6 (95% CI, 3.2---4.1), which is consistent with the reports of other authors. 9, 25, 26 On the other hand, when we performed the multivariate analysis and calculated adjusted ORs taking into account potential confounders, the association with this variable was not statistically significant and thus was not included in the final model.
We found an inverse association with foetal macrosomia (OR: 0.3 [95% CI, 0.2---0.6]), with a 3.3-fold reduction in the risk of macrosomia in multiple pregnancies compared to singleton pregnancies, which suggests that macrosomia is infrequent in cases of multiple pregnancy in the population under study, with a stronger association with singleton pregnancy.
As we mentioned above, we obtained the data on macrosomia and preterm birth from maternal health records. More detailed information may be found in the health records of newborns that are officially admitted to hospital. This may result in a small but statistically insignificant bias in the estimation of the proportions of preterm birth and foetal macrosomia.
When it comes to maternal morbidity, we ought to highlight the strong association we found between multiple pregnancy and caesarean delivery (OR, 4. , which was consistent with the previous literature. 1,7,8,27---29 Foetal malposition (coded as foetal malpresentation) is a variable that is also consistently associated with multiple gestation based on the results of our analysis, with an OR of 6.6 (95% CI, 6.1---7.1). Foetal presentation is an essential factor in choosing the mode of delivery, and therefore influences the frequency of birth by caesarean section.
In the period under study, based on the crude data, the proportion of caesarean deliveries was clearly higher in multiple pregnancies, tripling that of singleton pregnancies (74.1% vs 24.1%), an increase that is consistent with the findings of other studies. 30 The literature analysing rhythmicity in births is scarce, and there are even fewer studies on the subject specifically focused on multiple births. Cancho-Candela et al. 31 found that seasonal patterns in births disappeared at the end of a 60-year series, contrary to our study, where we found a seasonal pattern in singleton births.
Few authors have found seasonal patterns in multiple pregnancy. 32, 33 In Spain, for instance, Hernández et al. 32 found a seasonal pattern in multiple pregnancies between 1801 and 1900 in Tortosa, contrary to our study, in which we found no evidence of seasonality. This could be due to the fact that the Hernández study was conducted in a population that was mainly rural at the time, when births were associated with the agricultural cycle in an attempt to prevent interference with farm work and when assisted reproductive technologies had not yet been introduced. In contrast, the use of these technologies is currently widespread in Spain in both the public and private health systems throughout the calendar year, which would account for the absence of seasonal patterns in our study. Based on the findings of our study, we conclude that multiple births, compared to singleton births, continue to increase in frequency and do not exhibit any chronobiological rhythms.
Furthermore, multiple birth is associated with an increase in foetal morbidity and maternal complications, which we corroborated in the multivariate analysis with the calculation of odds ratios adjusted for various confounders.
Since the increase in the prevalence of multiple pregnancy is due to delayed motherhood and the use of assisted reproductive technologies, we would recommend the implementation of policies to promote earlier motherhood and interventions aimed at preventing multiple pregnancies in the context of assisted reproductive technologies.
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